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Abstract

Photooxygenation of 2-phenylnorbornene 1 in the presence of 30% aqueous hydrogen peroxide in acetonitrile
afforded the labile 1,2-bis-hydroperoxide 3 which could be cycloalkylated to provide the tricyclic peroxides 5,
albeit in low yield, on treatment with silver oxide and a 1,w-diiodoalkane. Trimethylsilylation of 3, followed by
TMSOTf-catalyzed cyclocondensation with carbonyl compounds led to the formation of the tricyclic peroxides
8 containing a 1,2,4,5-tetroxepane structure. The structures of two novel tricyclic peroxides Sa and 8a were
unambiguously determined by the X-ray crystallographic analysis. © 1999 Elsevier Science Ltd. All rights
reserved.

Since malaria parasites are rapidly developing resistance to the most commonly used chemo-
therapeutic alkaloidal drugs, the antimalarial properties of nonalkaloidal compounds such as artemisinin
and the related endoperoxides have attracted considerable attention.! We have recently reported that
treatment of (alkylidene)bis-hydroperoxides with 1,w-dihaloalkanes in the presence of CsOH in DMF?
affords a series of novel 1,2,4,5-tetraoxacycloalkanes which exhibit remarkable antimalarial activity
in vitro.> In the development of new synthetic routes to cyclic peroxides containing two peroxide
groups within the same ring, the comparatively rare vic-bis-hydroperoxides were identified as promising
precursors.*

2-Phenylnorbornene 1 is known to react with singlet oxygen to generate a zwitterionic intermediate
which can be efficiently trapped by methanol to form 2.5 By analogy, photooxygenation of 1 in the
presence of 30% aq. hydrogen peroxide in acetonitrile afforded the bis-hydroperoxide 3 in essentially
quantitative yield.® Since compound 3 was labile toward silica gel, it was used without further purifica-
tion. The cis-1,2-diol 4 was obtained by reduction of 3 with triphenylphosphine (Scheme 1).

* Corresponding authors.
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Figure 1. The structure of one molecule of 5a (there are two independent molecules of 5a per asymmetric unit which exhibit
only minor structural differences)

In contrast to the (alkylidene)bis-hydroperoxides,> when the bis-hydroperoxide 3 was treated with
1,3-diiodopropane in the presence of CsOH, none of the expected tricyclic peroxide 5a was formed;
only the keto aldehyde 6 was isolated.” In an alternative approach, treatment of a mixture of 3 and
1,3-diiodopropane with Ag>O8 in CH,Cl, gave the desired tricyclic peroxide Sa, containing a 1,2,5,6-
tetroxecane ring, albeit in low yield.” The major by-product was the keto aldehyde 6 (48%). The 1,2,5,6-
tetroxecane derivative 5b was obtained from the analogous reaction involving 1,4-diiodo-butane.

In the crystal structure of S5a, as determined by the X-ray analysis (Fig. 1),'9 the nine-membered
tetroxecane ring adopts the symmetrical boat—chair conformation (cf. the 1,2,4,5,7,8-hexox-ecanes'! and
1,2,4,5-tetroxecanes® which adopt the [333] twist-boat—chair conformations).

Although the bis-hydroperoxide 3 was acid-labile, it was successfully transformed using N,O-
bis(trimethylsilyl)acetamide into the corresponding bis-trimethylsilylated derivative 7 12 which subse-
quently underwent TMSOTf-catalyzed cyclocondensation with carbonyl compounds to provide a series
of novel 1,2,4,5-tetroxepane derivatives 8a—e (Scheme 2).'3 The by-product was again the keto aldehyde
6.
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Figure 2. The crystal structure of compound 8a

The crystal structure of 8a, as determined by the X-ray analysis, is depicted in Fig. 2.1° The 1,2,4,5-
tetroxepane ring of 8a is in a chair conformation with the phenyl group at C(2) in a pseudo-equatorial
position. Corresponding geometrical parameters in the structures of compounds 5a and 8a are in
reasonable agreement. The somewhat idealized conformations observed for the peroxide rings in 5a and
8a arguably arise from the restrictions imposed on the system by the rigid, fused bicyclo[2.2.1]heptane
moiety.

In a preliminary study of the antimalarial activities of the derived cyclic peroxides 5 and 8 against P.
falciparum,'* compounds 5a and 8e provided ECsq values 1.9x10™7 M and 1.3x1077 M, respectively,
which are approximately 20 times less potent than artemisinin (7.8x 1079 M).
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